Introduction
With the rapid development of tumor therapeutics, antineoplastic measures are increasing. The comprehensive application of multiple treatment methods greatly enhances tumor treatment efficiency, prolongs the survival time of patients and improves patients' life quality. Meanwhile, side effects correspondingly decrease and ease, but occur occasionally. Radiotherapy-caused damage will cause a great pain to patients, and radioactive nerve damage is one kind of radiotherapy-caused damage [1] . At present, there is still no effective treatment method, and it is an important problem in the field of radiotherapy.
Radiotherapy-caused peripheral nerve damage mainly occurs at two large positions [2] . For patients with breast cancer and head and neck tumor, radiotherapy will cause brachial plexus damage. Secondly, for patients with rectal cancer, radiotherapy after urogenital tumorectomy will cause lumbosacral plexus injury. A number of cases of radiotherapy-caused peripheral nerve damage have been reported. Johnsson [3] reported brachial plexus damage of 71 cases of patients after radiotherapy following complete breast hysterectomy, and the main clinical manifestations included upper extremity pain, weakness, sensation loss and paralysis and upper extremity paresis. After 34-year follow-up, the incidence rate was 63%. Among the surviving patients, the percentage of patients with brachial plexus damage caused by radiotherapy was 89%, and the percentage of patients with upper extremity paresis was 83%.
Aim of the study
This study analyzes peripheral nerve radiation damage in two cases of patients with cancer (rectal cancer and breast cancer) after radiotherapy at the corresponding sites in clinical practice and summarizes experiences and lesions by a retrospective analysis in order to provide a reference for future tumor radiotherapy.
Material and methods

Case 1
Male, 57 years old. In 2005, enteroscheocele was conducted due to hemafecia to find rectal occupying lesions, and its pathologic diagnosis was rectal carcinoma. In the local hospital, radical resection of rectal carcinoma was carried out, and the clinical stage was stage III C. After operation, the adjuvant radiotherapy was carried out: three-field pelvic radiotherapy, 10 MV X-ray and 30 Gy cumulative dose for 21 days. As the radiation damage of the patient's local skin was severe and radiation proctitis appeared, the radiotherapy was suspended for 2 weeks and then continued: pelvic anterior and posterior fields, 10 MV X-ray and 12 Gy dose. After one month following completion of radiotherapy, the patient gradually presented left lower extremity numbness, without pain or fever. Also, he was not specially treated. Myodynamic examination showed that bilateral muscle forces were of grade V and pain sense slightly reduced. Also, physiological responses existed, and no pathological reaction was reflected. Afterwards, he received chemotherapy. As a result, left lower extremity numbness was aggravated, and he occasionally suffered from pain. Repeated intermittent drug therapies of neurotrophic drugs such as vitamin B 1 , cobamamide and mecobalamine and hormone drugs were conducted. In addition, special hyperbaric chamber treatment was carried out.
Case 2
Female, 54 years old. In 2004, she underwent modified radical mastectomy of breast cancer in our hospital. Postoperative pathologic diagnosis was invasive ductal carcinoma, and tumorous clinical stage was stage II B (T2N1M0). Immunohistochemistry showed three negative expressions (ER, PR and Cerb-B 2 expressions were negative). After the operation, routine chemotherapy was conducted [FEC (5-fluorouracil, epidoxorubicin and cyclophosphamide) regimen for 4 cycles and sequential paclitaxel chemotherapy for 2 cycles]. Two years postoperatively, left supraclavicular lymph node metastasis occurred. After radiotherapy, the lesion was completely relieved. Four years postoperatively, left supraclavicular lymph node cancer recurred. While chemotherapy was conducted, local radiotherapy was carried out: left chest wall radiotherapy (DT 50 Gy), 50 Gy cumulative dose of radiotherapy at the left supraclavicular lymph node area and 20 Gy local additional dose. As a result, the skin presented radiation damage of grade I. At one month after radiotherapy, she felt left upper extremity pain and numbness, and the pain and numbness were aggravated gradually. Auxiliary examinations included nuclear magnetic resonance examination and multiple ultrasound examinations. Therefore, vitamin B 12 and B 1 and hormone drugs were administered for treatment. At the same time, tramadol hydrochloride was administered, but the analgesic effect was unsatisfactory. So, gabapentin (0.1 × 48/0.3 tid)/oxycodone & acetaminophen tablet/neurotropin (4 IU × 30 × 2 bottles/8 IU bid), fentanyl and celecoxib (0.2 × 18/0.2 bid) were additionally administered.
Results
Case 1
In multiple electrophysiological examination results of double lower limb nerves, both lower limbs presented radioactive damage of tibial nerve (sensory fiber was severe), and left lower extremity damage was apparent. Also, there was neurogenic damage (left abductor pollicis brevis). After vitamin B 1 , cobamamide, mecobalamine and hyperbaric chamber therapies were conducted, symptoms of the patient were alleviated somewhat, but he was not cured. At the end of treatment, the symptoms were aggravated somewhat. Therefore, he received therapies of neurotrophic drugs and analgesic drugs by fits. No tumor recurrence evidence was found.
Case 2
Nuclear magnetic resonance examination results of brachial plexus: left brachial plexus signal heightened and thickened, and peripheral edema occurred. Also, ipsilateral neck root muscle edema was apparent (Fig. 1) . It was considered as radiation damage. At this time, ultrasound examination did not show local tumor invasion. After the symptomatic treatment was conducted (see method section), the pain of the patient were alleviated. After half a year, left hand finger flexion changed. After one year, left hand movement function was lost, and a superficial sensation existed. Multiple ultrasound examinations showed that the left supraclavicular fossa lymph node did not obviously swell, but the brachial plexus was thickened. The thickest brachial plexus reached 0.4 × 0.3 cm. Afterwards, therapies of analgesic drugs were always conducted by fits. At present, while toxic and anesthetic drugs are administered for analgesic treatment, antitumor relevant therapies are still being conducted.
Discussion
Clinical manifestations of radioactive nerve damage are diverse, mainly including allodynia and movement disorder of the affected limb. Besides the clinical manifestations, it is still necessary to conduct auxiliary examinations such as nerve electrophysiology or nuclear magnetic resonance for a definite diagnosis. At present, nuclear magnetic resonance is the optimal means for the diagnosis of radioactive nerve damage [4] . Regular postoperative re-examination is one of the extremely important measures for timely finding whether tumors reoccur and radioactive nerve lesions occur, and it is useful for early intervention and treatment. In this report, case 1 was definitely diagnosed by the neural electrophysiological examination. For case 2, it was im possible to judge the reason for nerve damage only by the neural electrophysiological examination. Only by combining nuclear magnetic resonance and ultrasound examinations of the local brachial plexus is it possible to diagnose brachial plexus as radiation damage rather than tumor invasion, which provides a basis for further treatment of the patient.
As for the latency of brachial plexus damage after radiotherapy, some authors have reported that it ranged from 6 months to 20 years, and the mean was 1.5 years [5] . In the two cases reported in this study, case 1 presented left lower extremity pain and numbness at about 1 month after adjuvant radiotherapy following resection of rectal cancer. Case 2 presented left upper extremity pain and numbness at about one month after the local radiotherapy due to supraclavicular lymph node recurrence following the modified radical mastectomy of breast cancer. The left upper extremity gradually presented a mild paralysis to complete paralysis within 2 years, which was possibly associated with the total dose absorbed by the local tissues. The occurrence time of peripheral nerve damage of the two cases of patients after radiotherapy was earlier than that reported in the literature.
For the threshold dose of causing radioactive nerve damage, it is different in different reports. In the report of John -sson [3] , in the case of 57 Gy total irradiation dose, 63 Gy effective biological dose and 3.5 Gy average single dose, the incidence rate after 34-year follow-up was 63%. The research results of many authors [6] [7] [8] suggested that the effective biological dose rose with the increase of total dose. Therefore, the incidence rate of radioactive nerve damage of patients with breast cancer induced by radiotherapy obviously increases. Jacek et al. [9] found that when the total dose rose from 43.5 Gy to 60 Gy and a single dose rose from 2.2 Gy to 4.58 Gy, the incidence rate increased from 1.7% to 73%. If a single dose was controlled in the range of 2.2 Gy to 2.5 Gy and the total dose was controlled in the range of 34 Gy to 40 Gy, the incidence rate was less than 1%. If the effective biological dose was more than 55 Gy, the incidence rate obviously increased. In a word, the irradiation dose is a main factor of influencing the incidence rate of this disease. In this study, the local radiotherapy dose of the two cases of patients with breast cancer is 70 Gy, and it is obviously far more than the above reported dose. The radiotherapy dose of rectal cancer is 42 Gy, within the reported range. Therefore, it is very important to correctly prepare treatment planning and accurately calculate the expected dose before radiotherapy.
A majority of authors [10, 11] think that the main causes of radiation inducing peripheral nerve damage lie in the damage of the nerve sheath, Schwann cell, nerve microvessel and neurofilament protein caused by the direct effect of ray and ray-induced extrusion and stretching of perineural fibrosis to nerves, neural ischemia and hypoxia caused by perineural vascular injury and secondary injuries caused by chronic radiation inflammation, and telangiectatic lesions can also occur [12] . So, some authors propose that the exact terminology of radioactive nerve damage should be "radioactive neuropathy" [13] . Therapies of radioactive peripheral nerve damage depend on the clinical manifestations and the time and the extent of neuropathy of patients. In the early stage, hormones (adrenal cortical hormones) and neurotrophic drugs [14] (vitamin B, mecobalamin and ganglioside drugs) can be administered. Some authors also obtained certain treatment efficiency by applying anticoagulant therapy [15] . A hyperbaric chamber is also one measure for treating nerve damage [16] , but it can achieve higher treatment efficiency only by combining with other auxiliary treatment measures. In addition, hyaluronic acid and some traditional Chinese medicines can play a certain remission role [17, 18] . In the later stage, if no tumor reoccurs, it is still feasible to carry out lysis therapy [19] [20] [21] . In this study, as the clinical manifestations of case 1 were mild, application of neurotrophic drugs could relieve his symptoms. The damage extent of case 2 was severe; early application of neurotrophic drugs could not relieve or prevent disease progression. In the later stage, complete movement disorder occurred and pain was obvious. Therefore, it was necessary to administer opioids for pain relief and additionally conduct adjuvant therapy of anti-anxiety drugs.
In conclusion, medical staff should strengthen the improvement of radiotherapy technology and actively prevent the occurrence of complications. Once symptoms appear, it is necessary to conduct diagnosis as early as possible and actively treat the peripheral nerve with neurotrophic drugs in order to avoid aggravating damage to cause dysfunction and cause lifetime pain to patients.
